Abstract: Sulfate-reducing bacteria (SRB) are anaerobic microorganisms, which use sulfate as an electron acceptor in the process of dissimilatory sulfate reduction. The final metabolic product of these anaerobic microorganisms is hydrogen sulfide, which is known as toxic and can lead to damage to epithelial cells of the large intestine at high concentrations. Different genera of SRB are detected in the large intestine of healthy human and animals, and with diseases like Crohn's disease and ulcerative colitis. SRB isolated from rodents with ulcerative colitis have produced 1.14 (mice) and 1.03 (rats) times more sulfide ions than healthy rodents. The species of Desulfovibrio genus are the most widespread among all SRB in the intestine. The object of our research was to observe and compare the difference of production of sulfide and reduction of sulfate in intestinal SRB isolated from healthy rodents and rodents with ulcerative colitis.
Introduction
Sulfate-reducing bacteria (SRB) are anaerobic microorganisms, which use sulfate as an electron acceptor in the process of dissimilatory sulfate reduction. SRB are spreadwide not only in the environmental sources, but are also present in the digestive tract of humans and animals [1] [2] [3] .
The dissimilatory sulfate reduction is a multistage and complex process which provides SRB cell's energy with the formation of ATP. SRB consume sulfate as a terminal electron acceptor and due to the oxidation of organic compounds and hydrogen obtain energy for their growth [4, 5] . Hydrogen sulfide (H 2 S) is the final product of sulfate reduction [6] .
Sulfate in food may be important in human metabolism. Free sulfate ions affect large bowel metabolism where it is reduced to hydrogen sulfide, a substance potentially toxic to the colonic epithelium [7] . Sulfate concentrations have therefore been measured in more than 200 individual foods and beverages [8] . High-sulfate foods (>10 μmol/g or 1 mg/g) include some breads, soya flour, some dried fruits, some brassicas, and some sausages. High-sulfate beverages (>2.5 μmol/ml or 0.25 mg/ml)) include some beers, ciders, and wines. The sulfate content of beer is discussed with particular relation to epidemiological observations which link ingestion of beer with colorectal cancer [8] .
Inflammatory bowel disease (IBD) including ulcerative colitis (UC) or Crohn's disease is characterized by chronic inflammation of the large intestine in genetically susceptible individuals of unknown etiology [9, 10] . One of the hypotheses is that UC is caused by the toxic molecule of H 2 S.
In persons with ankylosing spondylitis and, with rheumatic diseases, etc. are often found SRB [4, [11] [12] [13] , which in large amounts can cause intense process of dissimilatory sulfate reduction in the gut leading to inflammatory bowel diseases [1, 7, 14] . On the other hand, the increased number of SRB was found in feces from people with ulcerative colitis compared with healthy individuals [15] [16] [17] [18] [19] .
SRB, especially Desulfovibrio genus, has been studied for over a century because of their ubiquity and their important roles in chemical processes and elemental cycles [20] . Also, Desulfovibrio genus is the most common species of SRB and its species are most often isolated from the large intestine of human and animals [15, 21, 22] .
Due to lack of information about dissimilatory sulfate reduction of intestinal SRB and its comparison between healthy and samples from ulcerative colitis, more observation was needed. In our research, we have been focused on production of hydrogen sulfide and decrease of sulfate ions during sulfate respiration in the samples from rodents with and without ulcerative colitis.
Materials and methods

Bacterial cultures
Crude cultures of intestinal SRB have been isolated from the intestine of rats and mice. The cultures have been kept in the collection of microorganisms at the Laboratory of Anaerobic Microorganisms of Department of Experimental Biology at Masaryk University (Brno, Czech Republic).
Bacterial growth and cultivation
Bacteria were grown in a nutrition-modified Postgate's liquid medium "C" with the following composition (g/L) [23] :
The final optimal pH 8 for cultivation of intestine SRB was provided by a sterile 1 M solution of NaOH (0.9 ml/l). The bacteria were grown for 72 hours at 37°C under anaerobic conditions [24] .
Hydrogen sulfide assay
Hydrogen sulfide produced by intestinal SRB has been measured spectrophotometrically right after seeding and after 24 hours cultivation. Calibration solutions were prepared in distilled water at concentrations of 12.5, 25, 50, and 100 µM of sodium sulfide. The calibration curve was constructed with the same process. A sample of volume 1 mL was added to 10 mL of a 5 g/L aqueous solution of zinc acetate. Right after, 2 mL of 0.75 g/mL p-aminodimethylaniline in a solution of sulfuric acid (2 M) was added. The mixture was left to stand for 5 minutes at room temperature. After that, 0.5 mL of 12 g/L solution of ferric chloride dissolved in 15 mM sulfuric acid was added. After standing another 5 minutes at room temperature, the mixture was centrifuged at 5000 × g at 23˚C. The absorbance of mixture was determined to measure hydrogen sulfide at a wavelength of 665 nm by spectrophotometer Spectrosonic Genesis 5. As a control, the measurement was repeated in the same manner using a cultivation medium [25] .
Sulfate ions detection
The content of sulfate in the medium was determined by turbidimetric method right after seeding and after 24 hours cultivation. The calibration curve was constructed with the same process. Calibration solutions were prepared in distilled water at concentrations of 2, 4, 8, 16, 24, 32, 40 and 48 µM sodium sulfate. A suspension of 40 mg/L BaCl 2 was prepared in 0.12 M HCl. The resulting solution was mixed with glycerol in a 1:1 ratio. To the 1 mL of sample supernatant after centrifugation at 5000 × g at 23˚C was added 10 mL of prepared BaCl 2 :glycerol solution and carefully stirred. The mixture was allowed to stand for 10 minutes and right after that the absorbance was measured at 520 nm (Spectrosonic Genesis 5). As a control, the measurement was repeated in the same manner using a cultivation medium [26] .
DAPI
Morphological characteristics of intestinal SRB were evaluated by fluorescent DAPI (4', 6-diamidino-2-fenylindol) straining. DAPI was used as cytochemical detection for bacterial DNA. This DNA-DAPI connection is visible in 365 nm [27] .
Statistics
Statistical calculations of the results were carried out using the software MS Office, Origin and Statistica12 computer programs. Using the experimental data, the basic statistical parameters (mean: M, standard error: m, M ± m) were calculated. The research results were treated by methods of variation statistics using Student's t-test. The significance of the calculated indicators was tested by Fisher's F-test. The accurate approximation was when P≤ 0.05 [28] .
Results
Crude samples of intestinal SRB were cultivated in the selective modified medium and after cultivation, vibrio like colonies was observed (Fig. 1) . Therefore, these samples were subjected to measurement of metabolites of their dissimilatory sulfate reduction.
Detection and monitoring of sulfate reduction and production of sulfide in samples obtained from healthy rodents and rodents with ulcerative colitis for 24 hours cultivation were obtained. The percentage ratio of these data was calculated in every sample (Table 1. ).
Sulfide production was increased in samples from mice and rats with UC, 4.06±0.34 and 4.10±0.46 mM, in comparison with healthy samples, 3.55±0.29 and 3.99±0.28 mM, respectively. However, sulfate reduction was increased in the same way, 7.15±0.75, 9.72±0.53 mM (UC) and 6.20±0.23, 9.40±0.36 mM (healthy). In intestinal SRB suspension from rats sulfate reduction was significantly increased with 9.40±0.36 and 9.72±0.53 mM compared with the suspension from mice at 6.20±0.23 and 7.15±0.75 mM. On the other hand, the production of sulfide is not as different as sulfate reduction. Based on the percentage ratio calculations for metabolites of dissimilatory sulfate reduction mentioned above, two graphs were drawn (Fig. 2) . During sulfate reduction in samples from mice, intermediate compounds were 24.7 and 16.32 % of total compounds compared to samples from rats (11.67, 5.2 %) ( Fig.  2A) . Additionally, the differential percentage ratio between samples with colitis and healthy control is visible in samples from mice for sulfate states 54.63:45.37 % and for sulfide ions 49.15:50.85 % in comparison to samples from rats, 53.34:46.66%; 50.65:49.35% respectively (Fig. 2B) .
The diagram of cluster analysis shows that sulfate ions from healthy rodents are not as related to rodents with colitis as are sulfide ions (Fig. 3) . However, samples with UC from both rodents have shorter linkage distance. Healthy control of sulfide ions is also incorporated into the same cluster as are with colitis.
Discussion
The presence of intestinal SRB isolated from healthy human feces was previously presented by Moore et al. [21] , Beerens and Romond [29] , and by Gibson and his colleagues [15, 16] , who also measured the rate of producing H 2 S. The lower percentage ratio of intermediate compounds in samples from rodents with colitis indicates that they faster convert incorporated sulfate ions to sulfide. This faster reduction of sulfate can be involved with enzymes of dissimilatory sulfate-reduction (adenosine-5'-phosphosulfate reductase and sulfite reductase) or even by other enzymes such as pyruvate ferredoxin oxidoreductase, Na + /K + -activated Mg 2+-dependent ATP-hydrolase, acetate kinase, and phosphotransacetylase [5, [30] [31] [32] . However, the difference in sulfate consumption between samples with UC and healthy control is not significant, which indicates that sulfate is evenly transported to the bacterial cell.
The concentration of sulfate in the intestine depends on the food introduced. Oxidized forms of sulfur including sulfite and sulfate are present in food such as commercial bread, nuts, dried fruits and vegetables, brassica vegetable and fermented beverages. The sulfate mainly is in the free anionic form. About 2±15 mM of sulfate is passes through the human gastrointestinal tract every day by food. However, the concentration of sulfate ions in the feces is much lower and is it about 0.26 mM/day. It was also observed that 95% of sulfate is absorbed in the gastrointestinal tract and only 5% remains detected in the feces [8] . Other researchers have also reported that absorption of sulfate by the human gastrointestinal tract is believed to be bad [33, 34] .
Due to the possible connection of the intestinal SRB to the development of UC various researches have studied synthesized organic compounds on their inhibition [35] [36] [37] .
To conclude our research, differences in production of sulfide and reduction of sulfate in suspension of SRB from rodents with and without ulcerative colitis was observed. Differences in produced H 2 S are visible between samples with UC and healthy controls. The consumption of sulfate ions was not significant. The observed difference can lead to a better understanding of the etiology of the UC and association of SRB in its development.
